Association patterns and regulatory properties of chorismate mutase, prephenate dehydratase and prephenate dehydrogenase from Pseudomonas aureofaciens ATCC 1 5926 were studied. Prephenate dehydrogenase (molecular weight 95 000) was separated by Sephadex G-100 chromatography from both the chorismate mutase-prephenate dehydratase I complex (molecular weight 75000) and from a second, low molecular weight prephenate dehydratase (prephenate dehydratase 11 ; molecular weight 30000). The chorismate mutaseprephenate dehydratase complex persisted after DEAE-Sephadex A-50 chromatography. With the exception of prephenate dehydratase II, enzyme activities were influenced by endproducts. Chorismate mutase was competitively inhibited by L-phenylalanine (Ki = 3.5 p~) .
M E T H O D S
Organism andgrowth conditions. Pseudomonas aureojaciens ATCC 15926 was grown at 30 "C with vigorous aeration in a minimal medium containing (g 1-l): glycerol, 30; K2HP04, 3; KH,P04, 0-5; (NH4),S04, 1 ; NaCI, 5 ; MgS0,.7H,O, 0.5; pH 7.0. Cells for the preparation of enzymes were harvested in the lateexponential phase of growth by centrifugation. The yield was approximately 2.5 g wet weight cells per litre medium. The cells were stored at -18 "C.
Enzyme assays. Buffer A (50 mM-Tris/HCI, pH 7-7, containing 0.1 mM-EDTA) was used in the measurement of chorismate mutase (EC 5.4.99.5) activity by the method of Cotton & Gibson (1965) , prephenate dehydratase (EC 4.2.1.51) activity by the method of Cotton & Gibson (1970) and prephenate dehydrogenase (EC 1.3.1.12) activity by the technique of Cotton & Gibson (1967) .
Prephenate dehydratase associated with chorismate mutase was designated prephenate dehydratase I, whereas the non-associated enzyme was termed prephenate dehydratase 11.
Protein determination. Protein was determined by the biuret method (Layne, 1957) using crystalline bovine serum albumin as standard.
Extraction and purification procedures. All procedures were carried out at 4 "C using buffer A and buffer B (0.15 M-Tris/HC], pH 7.7, containing 0.1 mM-dithioerythritol and 0.1 m-EDTA). When necessary, buffers and protein solutions were supplemented with the protease inhibitor phenylmethanesulphonyl fluoride at a final concentration of 1 mM (Fahrney & Gold, 1963) .
Preparation of crude extracts. Frozen cells were ground with one and a half times their weight of aluminium oxide powder (Alcoa 305). The viscous paste was diluted with 4 vol. buffer A. The suspension was centrifuged at 37000 g for 20 min and the supernatant (15 to 20 mg protein ml-l) was used in further studies.
Ammonium sulphate fractionation. Powdered (NH4),S04 (enzyme grade) was slowly added to the crude extract (15 mg protein ml-l). After stirring for 20 min, the precipitate was collected by centrifugation (20000g, 20min) and dissolved in buffer A. The resulting protein solution (35 mgml-l) was dialysed for 2 h against 1000 vol. buffer A and stored at -18 "C, if not used immediately.
Sephadex G-100 chromatography. Dialysed protein solution (1 ml, containing 25 to 35 mg protein) obtained by (NH4),S04 fractionation (0 to 80% saturation) was layered directly on to the gel surface of a Sephadex G-100 column (2.5 x 80 cm) previously equilibrated with buffer A. A flow rate of 17 ml h-l of buffer A was maintained and 2.5 ml fractions were collected. Active fractions that had to be rechromatographed were pooled and concentrated by addition of (NHMO, up to 90% saturation before being applied to a Sephadex G-100 or a DEAE-Sephadex column.
DEAE-Sephadex chromatography. An (NH4),S04 fraction (0 to 80 % saturation) was prepared as and prephenate dehydrogenase (0) were measured in all fractions (see Methods). All procedures were carried out in presence of 1 mwphenylmethanesulphonyl fluoride.
protein) was applied to a DEAE-Sephadex A-50 column (1-6 x 25 cm) previously equilibrated with buffer B. After the column had been washed with buffer B, enzymes were eluted by a linear gradient of 0 to 0.4M-NaC1 in buffer B. Fractions of 2-5 ml were collected at a flow rate of 15 ml h-I.
Estimation of molecular weights. The molecular weights of chorismate mutase, prephenate dehydratase and prephenate dehydrogenase were estimated by gel filtration (Andrews, 1964) . Approximately 20 mg protein from a 0 to 80% saturated (NH4)$04 fraction of crude extract in 1 ml buffer A were applied to a Sephadex G-100 column (2.5 x 80 cm). The column was calibrated using the following marker proteins of known molecular weight: bovine serum albumin (dimer form, 134000; monomer form, 67000), bovine chymotrypsinogen A (25000), and cytochrome c from horse heart (I 2400). Proteins were eluted with buffer A at a flow rate of 17 ml h-l and 2.5 ml fractions were collected. The void volume was determined with blue dextran.
Chemicals and biochemicals. All reagents used were of the highest purity grade available. Chorismate (Gibson, 1970) and prephenate (Dayan & Sprinson, 1970) were prepared by standard methods.
R E S U L T S A N D D I S C U S S I O N

Ammonium sulphate jractionation
The distribution of chorismate mutase and prephenate dehydratase activities was determined in protein fractions obtained by precipitation with increasing concentrations of (NH,),SO, (0 to 30, 30 to 40, 40 to 50, 50 to 70 and 70 to go:/, saturation). Chorismate mutase activity was present in the first three fractions, whereas prephenate dehydratase was distributed throughout the fractions. In the course of feedback inhibition experiments it was found that prephenate dehydratase (prephenate dehydratase I) in (NH,),SO, fractions up to 50"; saturation was inhibited by 0-1 mM-L-phenylalanine and activated by 0.1 mM-Ltyrosine, whereas prephenate dehydratase activities from (N H,),SO, fractions of higher saturations (50 to 90 %) were not influenced by either amino acid (prephenate dehydratase 11). The possible existence of two differently regulated prephenate dehydratase activities was therefore studied in detail by gel filtration.
Sephudex G-100 chromatograplzy The elution profile (Fig. 2) of an (NH,),SO, fraction (0 to 80';; saturation) on Sephadex G-100 showed a single peak of prephenate dehydrogenase activity followed by a peak containing chorismate mutase as well as prephenate dehydratase activity. An additional peak exhibiting prephenate dehydratase activity was eluted separately. The recovery of chorismate mutase-prephenate dehydratase I and prephenate dehydratase I1 activity was usually 80 76, while that of prephenate dehydrogenase was 60 76. The regulatory properties of these enzyme activities in the eluates were identical to those of the enzyme activities from (NHJ2S04 fractions. Prephenate dehydrogenase was inhibited by 0.1 mM-L-tyrosine.
Similar results were obtained when crude extracts were directly applied to the Sephadex G-100 column. This indicates that splitting of prephenate dehydratase activity was not caused by (NH,),S04 fractionation. The preparation of enzyme extracts and the Sephadex G-100 chromatography were also done in the presence of 1 m~-phenylmethanesulphonyl fluoride. The sequence of elution as well as the regulatory properties of the enzymes were not altered, but the elution profile showed a more regular shape due to inhibition of proteolytic activities.
D EA E-Sephadex chromatography The elution patterns of chorismate mutase and prephenate dehydratase activities were also studied by ion-exchange chromatography (Fig. 3) . The phenylalanine-insensitive prephenate dehydratase I1 was eluted from the DEAE-Sephadex column in two successive peaks (recovery of enzyme activity 75 7;) followed by the phenylalanine-sensitive prephenate dehydratase I, which co-eluted with chorismate mutase (recovery of enzyme activity 62 Yo>.
Rechromatographed fractions of prephenate dehydratase I1 (recovery of enzyme activity 90%) from Sephadex G-100 or A-50 columns eluted as single peaks whose position corresponded to the first chromatographic profiles. Fractions of the chorismate mutaseprephenate dehydratase I aggregate (recovery of enzyme activity 85 o/) again showed two small successive peaks of prephenate dehydratase I1 activity upon rechromatography. The same results were obtained in the presence of phenylmethanesulphonyl fluoride. A working hypothesis might therefore be that prephenate dehydratase I1 is a dissociation product of prephenate dehydratase I. In Pseudomonas sp. ATCC 11299a (Cerutti & Guroff, 1965) and in P. aeruginosa strain PAT (Waltho, 1973) only one enzyme activity of chorismate mutase or prephenate dehydratase was detected. For P. aeruginosa strain PA01 an enzyme complex of chorismate mutase and prephenate dehydratase was reported, as well as a second chorismate mutase and prephenate dehydratase, which were not aggregated (Calhoun et al., 1973; Pate1 et al., 1977) . Two enzyme complexes each containing chorismate mutase and prephenate dehydratase activity were found in P. aeruginosa ATCC 9027 (Ahmed & Campbell, 1973 
Mo leci 11ar w eigli t estimation
Molecular weights were estimated by gel filtration with Sephadex G-100. Prephenate dehydrogenase was eluted at a position corresponding to a molecular weight of 95000. The chorismate mutase-prephenate de hydratase I aggregate and prephenate dehydratase II had molecular weights of 75000 and 30000, respectively.
For P. aeruginosa strain P A 0 1, the molecular weights of the corresponding enzymes determined by the same method were : prephenate dehydrogenase, 150000; the chorismate mutase-prephenate dehydratase I aggregate, 134000 ; the second prephenate dehydratase, 76000 (CaIhoun et a/., 1973); the second chorismate mutase, 27000 (Pate1 et al., 1977) .
Regulation of enzyme activity by aromatic amino acids
The influence of aromatic amino acids on enzyme activities was studied using protein from (NH,),SO, fractions (Tables 1 and 2) . Similar results to those described below were obtained with fractions purified by gel filtration and ion-exchange chromatography. Chorismate mutase activity was feedback-inhibited by 0.1 mM-L-phenylalanine, but the enzyme activity was not influenced by 0.1 mM-L-tyrosine. L-Tryptophan exerted no regulatory control on the enzymes of phenylalanine or tyrosine synthesis. D-Tyrosine was almost as efficient (30 o/o activation) as L-tyrosine in activating prephenate dehydratase I.
Other aromatic D-amino acids were inactive. Inhibition of prephenate dehydratase I by 10 p~-~-phenylalanine was reversed by 50 pM-L-tyrosine. Prephenate dehydratase 11 was not inhibited by aromatic amino acids, even when low concentrations of prephenate (0.012 to 0-04 mM) were used as substrate. Kinetic studies revealed further distinguishing features of the two prephenate dehydratase activities. The Km value for prephenate of prephenate dehydratase I1 was about tenfold lower than that of prephenate dehydratase I ( Table 2) .
Plots of prephenate dehydratase I activity against various prephenate concentrations were sigmoid. Sigmoidicity was intensified by the inhibitor L-phenylalanine. The activator L-tyrosine converted the substrate saturation curve to a simple Michaelis-Menten hypxbola (Fig. 4) .
In P. aeruginosa P A 0 1 the bifunctional enzyme chorismate mutase-prephenate dehydratase was inhibited by L-phenylalanine (Patel et al., 1977) . However, inhibition of chorismate mutase was lost during purification by either gel filtration or ion-exchange chromatography (Calhoun et al., 1973) . Chorismate mutase from strain PAT was also inhibited by L-tyrosine (Waltho, 1973) . In crude extracts of strain ATCC 9027 both chorismate mutase-prephenate dehydratase aggregates were insensitive to aromatic amino acids. After purification by ion-exchange chromatography, the so-called second prephenate dehydratase activity had become sensitive to inhibition by L-phenylalanine, and the inhibition was reversed by L-tyrosine (Ahmed & Campbell, 1973) . The latter effect was also reported for the other P. aeruginosa strains studied and for Pseudomonas sp. ATCC 11299a (Cerutti & Guroff, 1965) . The non-complexed chorismate mutase and the prephenate dehydratase from P. aeruginosa strain PA01 were not influenced by either amino acid (Calhoun et al., 1973; Patel et al., 1977) . This was also observed for chorismate mutase from Pseudomonas sp. ATCC 11299a (Cerutti & Guroff, 1965) . With the exception of Pseudomonas sp. ATCC 11299a (Cerutti & Guroff, 1965) , prephenate dehydrogenases of the above-mentioned P. aeruginosa strains were inhibited by L-tyrosine. So far the two IP: 54.70.40.11
On: Sun, 30 Dec 2018 10:08:51 PI? en y lalan i pi (1 (in d t j 1 rosine s,vn thesis a7 forms of prephenate dehydratase found in strains of P. aeruginosa have not been compared in kinetic studies. In our study the enzymes of phenylalanine and tyrosine biosynthesis were not repressed by aromatic amino acids (3 mM), which were also used as sole sources of carbon by P. aureufaciens. Extracts prepared from bacteria grown under conditions of potential repression were also tested for effects of L-phenylalanine and L-tyrosine on enzyme activities. N o differences in the pattern of inhibition or activation were apparent, suggesting the absence of isoenzymes altered in regulatory properties. These results are consistent with those described for other pseudomonads.
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